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Presentation Outline  
 

Designing & Simulating a Drift Tube Linac  
 

Part 1 - Design Mode 
 

1. The LINAC "Design Mode" of PARMILA (aka PARMILA- 2) - Input 
 

····  Text File Input - for LANL PARMILA-2 Code 
····  Set Up for PBO Lab PARMILA-2 Module 

  �  PARMILA-2 Module Uses the LANL PARMILA-2 Executable  
 

2. Example Output of DTL PARMILA Design Run 
····  Text File Outputs  

 

3. Modeling the DTL with TRACE 3-D from PARMILA Gen erated Model 
 

Part 2 - Simulation Mode 
 

4. Performance Study of a DTL - PARMILA "Simulation  Mode"  ÜÜÜÜ  
 

5. Example Output of DTL PARMILA Simulation Run 
····  Text File Outputs  
····  Graphics Outputs Using Lingraf 
····  Other Graphics Using the PBO Lab PARMILA-2 Module 

 

6. Using PARMILA to Design & Simulate a DTL 
  �  You will use the Simulation Lab computers in the cl assroom  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" 
 
 

·  Remove the "DesignOnly" Command 
  -  "DTL.LIN" (or "USPAS-DTL.LIN") Example 
   

; DesignOnly    ; this disables the dynamics calcul ation    Comment This Line  
    (Insert semicolon)  
 

OR 
 
   Remove DesignOnly Piece from Model Space, or change  Parameter  
 
 
 

  -  PARMILA Will First Design  and then Simulate  the DTL 
 

·  For DTL "Simulation Mode" is Really a "Design and S imulation Mode" 
  -  This is the Primary Mode in which PARMILA is u sed 
  -  Simulation is an Integral Part of the Design P rocess 
  -  Design may need to iterated to avoid "all particles  lost" termination    
 

·  To Only Simulate an Existing DTL Can Be More Challe nging 
  -  Need a Problem Set Up that Reproduces an Exist ing Design 
  -  PARMILA Prioritizes User Goals �  May Have to Iterate Set Up  
  -  Often Requires Extensive Use of "Change" Lines  
  -  A Precise  Representation of an Existing DTL can be Difficult  
   (especially if you do not already have an input. LIN file) 
     [Of course, a Precise  Representation of any beamline challenging] 
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 
 

·  Look at Simulation Specific Details of the Input Fi le  
 

·  Input File "DTL.LIN" for SNS DTL 
 -  Commands and Parameters Used for Multi-Particle  Simulation 
 -  Section IV "Running Parmila" of LA-UR-98-4478 ( Simulation Lab comp.) 
 
 
 

; In this example each DTL structure is 1 tank stru cture. 
·   
·    
·    

;--------------------Beam Particle Distribution Spe c--------- 
; 
;ReadDist 0.     Permits Reading Input Beam Data from "part_rfq.dst"  File ( IF Uncommented)  
 

  �  Will Do This Later in the Course  
 

Startphase -45.       Startphase =  Design (Synchronous) Trajectory Initial Phase  
 
 

A PBO Lab  

PARMILA-2  

Parameter  

Piece  
 Order Important!  
 
 

Input -8 1000   2.371911      96.567733   0.0015820 15  
               -1.022037      29.001170   0.001490245   Initial Beam Twiss Parameters for X, Y, Z    

             -0.028191      57.609246   0.001764593    Same as Used for "Design Only" Mode  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

Input File "DTL.LIN" for SNS DTL (con't)  
 

·   
·    
·    

 
change 14 2.49 3700.0 101.1 3700.        Two Basic Locations for Change Lines  
change 16 3700 1           1.  Before the SuperFish Data  
             2.  After the SuperFish Data  
 
 

·  Change Lines Modify Accelerator Properties & Override DTL Line Goals 
 

·  SFDATA Location Signals End of Design Section for S tructure 
 

·  Change Lines Appearing Before  SFDATA Impact Linac Layout & Design  
  -  Use Change Lines Before SFDATA for "Design Onl y" Mode  
  -  Leave Changes Before SFDATA in Model for "Simu lation" Mode  

   �   Otherwise Design May Be Altered Prior to Simulation  
 

·  Change Lines Appearing After  SFDATA Impact Linac Operation  
  -  Include Same Change Lines After SFDATA for "Si mulation" Mode  

   �   Unclear if always necessary, but a good practice  
 

·  Change Lines Before  and After  SFDATA Need Not be the Same  
  -  Simulate a Linac "as built" rather than "as de signed"  
  -  Simulate Performance for Off-Nominal Operation  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

Input File "DTL.LIN" for SNS DTL (con't)  
 

 

·  Exception to Rule �  Change 15  
  "n. Scale the accelerating field for a range of c ells"  
 

·  Change 15 is Used to Model Field Levels which Differ  from Design 
  �  Locate Change 15 After SFDATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A PBO Lab  

PARMILA-2  

Parameter  

Piece  
 
 
 

·  Change 15 Before SFDATA is Ignored by PARMILA-2  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

Input File "DTL.LIN" for SNS DTL (con't)  
 

Input Lines That Follow the "SFDATA" Lines  
 
 

·   
·    
·    

 
change 14 2.49 3700.0 101.1 3700.     These 2 Lines are Repeated from Earlier in DLT.LIN file  
change 16 3700 1        (Are These Lines Here Necessary? )     HOMEWORK: 
                Yes ____ No____ 
linout 1    Outputs RF Structure and Beam Dynamics  Parameters for DTL Tank (File "Design.out")  
linout 4    Outputs Geometry  Parameters for DTL Tank (File "Parmila.out")  Neither use Simulation  
 
elimit 50.    Cuts Particles from Simulation that Fall 50 MeV or More Behind  Synchronous Particle  
 
 
 

A PBO Lab  

PARMILA-2  

Parameter  

Piece  
 
 

 

·  Prevents "Energy Outliers" from Skewing RMS Propert ies, Plots, …  
 

·  Of Course, Not Significant for this (7.523 MeV) Exa mple DTL! 
   �   Nevertheless a Good Practice to Always Include for Simulations  

     Suggestion:  Update with a more useful value  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

Input File "DTL.LIN" for SNS DTL (con't) 
 

Input Lines That Follow the "SFDATA" Lines  
 

;scheff deltaR. deltaZ, Nr, Nz, Nbunch, Nbetalambda , Remesh 
scheff   0.05  0.05     20   40  0       0            1    Defines Parameters for Space Charge Mesh  
 
 
 
 
 Used to Set a Radial  
 Cutoff for Removing  
 Simulation Particles  
 
 Bore 2000.0  
 (default, in cm)  
 
 
 
 

A PBO Lab  

PARMILA-2  

Command  

Piece  
 

·  Two Space Algorithms Available in PARMILA 2:  2D an d 3D 
 

·  The Default is 2D "SCHEFF" - 3D Requires and Extra Line:  "PICNIC" 
    �   PICNIC Not in this Example - How to Implement PICNI C Next  



USPAS 2011 Fundamentals of Proton Linear Accelerators with Simulation Lab Old Dominion University 

PARMILA DTL Modeling - 2 9 G. H. Gillespie Associates, Inc. 

 
 

4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Using the 3-D Space Charge Algorithm in PARMILA-2 
 
 
 

·  Default Space Charge Calculation uses a 2-D Model  
 

·  Add a Use3DPicnic Line to use the 3-D Space Charge Model 
 

·  Two Ways to Implement PICNIC 
  -  Everywhere:  Keyword Use3DPicnic  Before the 1st  STRUCTURE line   
  -  In a Section:  After  STRUCTURE line but  Before  SFDATA line 

   �   STRUCTURE starts a Linac Section, and SFDATE line e nds it  

  -  To turn off PICNIC later, add a UseScheff line  to a following section  
 

·  PBO Lab: 
  -  Everywhere implemented as a PARMILA-2 Option 
  -  In a Section implemented with a PARMILA-2 Marker Piece 

   �   PARMILA-2 Marker Piece can be used to add custom Co mmands  

  -  To turn off PICNIC later, use another Marker i n a following section  
 

·  May need to reduce N R and NZ values to keep 2 ´́́́  values within limits 
   �   Documentation limits appear to be larger than allow ed in code  

   Try for SCHEFF:  N R ££££ 20 and NZ ££££ 40 

   Try for PICNIC:    N R ££££ 10 and NZ ££££ 20 

   Also generally seem to want:    N R ~ ££££ (1/2) NZ  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Using the 3-D Space Charge Algorithm in PARMILA-2 for the entire Linac 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Select "Use_Picnic3D…"  

Change Value to 1  

Hit "Accept" Button  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Using the 3-D Space Charge Algorithm in PARMILA-2 starting in a Linac Section 
 
 
 
 
 

 
 
 
 
 
 
 
 

 Enter Command Keyword ("Use3DPicnic")  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Input File "DTL.LIN" for SNS DTL (con't) 
 

Input Lines That Follow the "SFDATA" Lines  
 

 
start 1 Obsolete PARMILA-1 Lines (ignored in PARMILA-2)  
stop 48 
output 2 1  1 300 1 output determines how often beam results written out  
;output 3 1  1 to "Parmila.plt" file - only used for "Simulation M ode"  
;output 4 1  1 
prtbeam 
begin  Starts the PARMILA Simulation  Run 

·   
·    
·    

end Stops the PARMILA Simulation  Run 
 
 
 

····  OUTPUT lines determine where in beamline  the beam data is output  
 
 

····  OUTPUT lines control the writing of beam dynamics  to "Parmila.plt"  
 
 

····  OUTPUT lines also control the writing of beam RMS data  to "Beam.out"  
 
 

····  "Parmila.plt" is binary  data file used by Lingraf program to display resul ts  
    �   Will use Lingraf later - good displays need good OU TPUT lines!  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Getting Beam Data Written to Lingraf's Parmila.plt File - OUTPUT Lines 
 
 

·  There are 4 Different Types of  OUTPUT Lines - Identified by 1 st Parameter 
- OUTPUT 1  �   Applies to All Complex  Structures (DTL, CCL, SCL, …)  
- OUTPUT 2  �   Applies to All Complex  Structures (DTL, CCL, SCL, …)  
- OUTPUT 3  �   Applies to Only  DTL Structures  
- OUTPUT 4  �   Applies to Only  DTL Structures  

 

·  Need an OUTPUT Line for Every Structure  where Beam Data is Desired  
 

·  Inappropriate use of  OUTPUT 3 or 4 lines (e.g. with SCL) OK - ignored 
�   Still Need an Appropriate Line for Output (e.g. OUTPUT 2 for SCL) 

 

·  Documentation: 2 nd Parameter ( WriteFlag ) on OUTPUT Lines Turns On/Off: 
- OUTPUT   N   WriteFlag  
�   Does Not Appear to Work in Version 2.36 - need to comment (;) out 

  (PBO Lab PARMILA-2 Command Piece "PrtBeam" handle s this)  
 

·  Other Parameters on  OUTPUT Lines Set Cell or Tank Numbers for Data 
- OUTPUT   1   1   Ncell1 , Ncell2 , Ncell3 , Ncell4 , Ncell5 , … List of Cell Numbers  
- OUTPUT   2   1   Ncell1 , NcellN , DDDDNcell     Range of Cell Numbers  
- OUTPUT   3   1   1  - outputs at tank start  PBO Lab: 1 Tank per Structure  
- OUTPUT   4   1   1  - outputs at tank end   PBO Lab: 1 Tank per Structure  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Getting Beam Data Written to Lingraf's Parmila.plt File - OUTPUT Lines (con't) 
 
 

····  PBO Lab Uses PARMILA-2  "PrtBeam" Command Piece to Specify OUTPUT  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Getting Beam Data Written to Lingraf's Parmila.plt File - OUTPUT Lines (con't) 
 

 

 PBO Lab Default  Settings:     
 

 PrtBeam 99.0    

 Writes to "Beam.out" File: 
  - RMS Beam Properties     
  - "Maximum" Beam Sizes     
  - "Maximum" Contains 99.0%    
 

 Beam Written at Locations     
 Set by OUTPUT Parameters:  
 

 OUTPUT   2   1   1   1000   1 
 Writes Beam for 1 st 1000 Cells    

 (Ncell1=1, NcellN=1000, DDDDNcell3=1)    
 
 
 

····  OUTPUT 2 (Default ) Writes Beam Data  at the Exit  of the Specified Cells  

 

····  PBO Lab Defaults  Should Beam for Most Problems - But Maybe Too Much    

 

····  Need "PrtBeam" Command Piece  Following Each STRUCTURE  (e.g. DTL)  
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4. Performance Study of a DTL - PARMILA "Simulation  Mode" (con't) 
 

 

Getting Beam Data Written to Lingraf's Parmila.plt File - OUTPUT Lines (con't) 
 

 
 

····  OUTPUT 3 and OUTPUT 4 Provide Additional Options for DTL  Beam Data   

 

 
 
 

PBO Lab Default  Settings:  
 
 

Turned Off  

;OUTPUT 3   1   1   2   3   4 
 
 
 

Turned Off  

;OUTPUT 4   1   1   2   3   4 
 
 
 
 
 

····  OUTPUT 3 ����  Beam Data at DTL Tank Entrance   
 

····  OUTPUT 3 ����  Beam Data at DTL Tank Entrance   
 

····  PBO Lab: 1 Tank per STRUCTURE ����  Don't Need Tank Numbers > 1   
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5. Example Output of DTL PARMILA Simulation Run 
 
 

Run  �   File: Parmila.out 
 

 
Los Alamos National Laboratory Parmila - Ion Linac Design Code 
Program Parmila written by Harunori Takeda 

·   
·   (Copyright, disclaimers, etc., … reiteration of part s of input file )  
·    

DTL cavity design details 
E0 ramped linearly with beta starting at cell 1 
Phase ramp starting at cell 3 with phase 0.0 deg an d constant bucket phase width 138.0 deg 
(Excluding beam power) tank  1, Cu power= 0.34391 M W 
 

·   
·   (Much of the Output Same as the "Design Only" )  
·    

 

LIN: begin 
Starting beam dynamics...  Current = 56.0 mA 
Space charge calculations use the Scheff algorithm.  
Beam centroid: x (cm)  xp (mr)    y (cm)  yp (mr)   phi (deg)    W (MeV) 
              0.00000  0.00000   0.00000  0.00000     -47.881      2.500 
 
Starting dynamics calculation 
 Enter tank           1 
Beam centroid: x (cm)  xp (mr)    y (cm)  yp (mr)   phi (deg)    W (MeV) 
              0.00000  0.00000   0.00000  0.00000     -47.881      2.500 
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5. Example Output of DTL PARMILA Simulation Run 
 
 

Run  �   File: Parmila.out (con't)  
 
 

Emittance, Twiss parameters, beam sizes, energy and  phases are at the end of the cell. 
 cell   ngood    plane   emittance (cm-mrad),(deg-M eV)   alpha      beta(u)    rms(u)   max    …       Average 
                                                 100%        90%      rms(n)            (cm/mrad),  x or y  x or y       …       Energy 
                                                                                                        (deg/MeV)   (cm)    (cm)        …       (MeV) 
 

   1    1000     x-xp     0.13295    0.09174    0.0 2327  3.19699    0.05477    0.1318  0.2954          …       2.5240 
                      y-yp     0.11857    0.08730    0.02186 -3.17870    0.05477    0.1277  0.2852 
                     phi-w    0.74715    0.47370    0.11728 -0.06291    748.461    9.3689  0.0000 
 

   2    1000     x-xp     0.15271    0.09296    0.0 2351  1.02839    0.02899    0.0961  0.2120          …       2.5488 
                      y-yp     0.12847    0.08787    0.02215 -2.29200    0.09371    0.1677  0.3689 
                     phi-w    0.84712    0.48116    0.11834 -0.04401    726.930    9.2750  0.0000 
 

·   
·    
·    

 

  59    1000     x-xp     0.26828    0.11029    0.0 2428 -2.66509    0.17891    0.1863  0.5388         …       7.3355 
                       y-yp     0.29153    0.10568    0.02419  1.04409    0.05258    0.1008  0.2660 
                      phi-w    1.11783    0.48626    0.11530 -0.03475    190.674    4.6888  0.0000 
 

  60    1000     x-xp     0.26645    0.10969    0.0 2418  2.45193    0.18307    0.1868  0.5362         …       7.5306 
                       y-yp     0.26344    0.10537    0.02418 -1.20400    0.05427    0.1017  0.3033 
                      phi-w    1.08570    0.49309    0.11479 -0.00210    188.467    4.6513  0.0000 
Exit tank           1 
Beam centroid: x (cm)  xp (mr)    y (cm)  yp (mr)   phi (deg)    W (MeV) 
              0.00172 -0.01866   0.00162  0.06269     -28.475      7.531 
 

End of structure 2  Run 1 
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5. Example Output of DTL PARMILA Simulation Run (co n't) 
 

Beam  �   File:  Beam.out 
 

File Beam.Out: Beam characteristics at cells select ed by Output 1 or Output 2 lines. 
The column headings are 
Cell     Cell number in the present structure 
N        Running cell number in the linac 
W        Design energy in MeV 
EpsXn    Transverse normalized emittance in the X-X ' phase plane in cm mrad 
EpsYn    Transverse emittance in the X-X' phase pla ne in cm mrad 
EpsZ     Longitudinal normalized emittance in the W -Phi phase plane in deg MeV 
EpsZn    Longitudinal normalized emittance in the Z -Z' phase plane in cm mrad 
Xrms     RMS X coordinate of all good particles in cm 
Yrms     RMS Y coordinate of all good particles in cm 
Xmax     Maximum X coordinate of all good particles  in cm 
Ymax     Maximum Y coordinate of all good particles  in cm 
Rmax     Radius from the beam centroid (not linac a xis) containing 99.0% all the beam particles 
Ravg     Average radius of all good particles in cm  
Rrms     RMS radius of all good particles in cm 
Prms     RMS phase coordinate of all good particles  in degrees 
Xctr     X coordinate of the beam centroid in cm 
Yctr     Y coordinate of the beam centroid in cm 
Pctr     Phase coordinate of the good particle's be am centroid in degrees 
Wctr     Energy coordinate of the good particle's b eam centroid in MeV 
Ngood    Number of good particles remaining 
 Cell     N       W       EpsXn     EpsYn      EpsZ        EpsZn      Xrms    Yrms    Xmax    …       W ctr   Ngood 
 

 Data Appearing Here Will Depend Upon OUTPUT 1 & OU TPUT 2 Settings  
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5. Example Output of DTL PARMILA Simulation Run (co n't) 
 
 

Beam  �   File:  Beam.out (con't)  
 
 
 

····  Example using  PBO Lab "PrtBeam" Command Piece to Specify OUTPUT  

 

····  PBO Lab Defaults  Used for the "PrtBeam" Piece  Parameters  

 
 
 

Cell     N       W       EpsXn     EpsYn      EpsZ       EpsZn      Xrms    Yrms    Xmax    …       Wc tr   Ngood 
    0     0     2.5000 2.3092E-02 2.1759E-02 0.1170     2.5762E-02  0.1732  0.0934  0.3877  …  2.500    1000 
    1     1     2.5253 2.3266E-02 2.1855E-02 0.1173     2.5832E-02  0.1318  0.1277  0.2954  …  2.524    1000 
    2     2     2.5515 2.3510E-02 2.2147E-02 0.1183     2.6066E-02  0.0961  0.1677  0.2120  …  2.549    1000 
    3     3     2.5784 2.3718E-02 2.2553E-02 0.1197     2.6355E-02  0.0964  0.1677  0.2053  …  2.574    1000 
    4     4     2.6063 2.3870E-02 2.2845E-02 0.1206     2.6558E-02  0.1329  0.1276  0.2875  …  2.601    1000 
    5     5     2.6352 2.3953E-02 2.2946E-02 0.1211     2.6670E-02  0.1753  0.0933  0.3788  …  2.629    1000 
 

·   
·    
·    

     

   56    56     6.7738 2.4498E-02 2.3845E-02 0.1153     2.5398E-02  0.0997  0.1824  0.2487  …  6.787    1000 
   57    57     6.9515 2.4527E-02 2.3984E-02 0.1157     2.5495E-02  0.1006  0.1827  0.2714  …  6.964    1000 
   58    58     7.1354 2.4431E-02 2.4121E-02 0.1157     2.5492E-02  0.1400  0.1383  0.4005  …  7.147    1000 
   59    59     7.3258 2.4285E-02 2.4192E-02 0.1153     2.5397E-02  0.1863  0.1008  0.5388  …  7.336    1000 
   60    60     7.5230 2.4176E-02 2.4177E-02 0.1148     2.5285E-02  0.1868  0.1017  0.5362  …  7.531    1000 
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5. Example Output of DTL PARMILA Simulation Run (co n't) 
 
 

Using Lingraf to Display Beam Data in the Parmila.plt File 
 

 
 
 

····  PARMILA-2 Writes Beam Data to File " Parmila.plt "   
 -  Data Written Determined by Parameters of  OUTPUT lines   
 -  Data in " Parmila.plt "  in Binary Format  
 
····  Lingraf.exe Program Reads Data from " Parmila.plt "  and Displays Results  
 -  2 Display Types:  Profiles (3 per screen) & Pha se Space (4 per screen)   
 -  Lingraf.exe Controlled by Its Own Input File " ingraf.lgf "  
 -  Displays Determined by Parameters of  SUBNUM, OUTPUT, OPTCON Lines   
   
····  PBO Lab  PARMILA-Lingraf Module Writes " ingraf.lgf " & Runs Lingraf.exe 
  -  SUBNUM, OUTPUT, OPTCON Data Set with Lingraf Graphics Request Piece 
   
····  PBO Lab  PARMILA-Plots Module Used To Display Output Beam Phase Space  
 
 

6. Using PARMILA to Design & Simulate a DTL 
 

 �  You will use the Simulation Lab computers in the cl assroom  
  


